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(57) Abstract 



A sensor system which disables the write gate (54) of a hard disk drive (10) when the drive unit is subjected to a threshold 
level of shock or vibration. Ihe sensor system includes a transducer (46) whidi can sense any rotational acceleration of the disk 
drive (10). The transducer (46) produces ao output voltage that is proportional to the acceleration of the drive unit The output 
voltage is compared to a reference voltage by a logic circuit which disables the write gate (54) of the disk drive (10), if the output 
voltage of the transducer (46) is equal to or greater than the reference voltage. 
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WRTTO DISABLE ACCELERATION SENSING SYSTEM 
FOR A HARD DISK DRIVE 

BACKGROUND OF THE INVENTION 

1. FIELD OP THE INVENTION 

The present invention relates to a hard disk drive which has a 
sensor ssrstem that disables the write gate of the magnetic head when a 
shock or vibrational load of a predetennined value is applied to the disk 
drive. 

2. DESCRIPTION OP RELATED ART 

Hard disk drives contain one or more magnetic disk which are 
typically organized into a plurality of aimular tracks. Data is stored within 
the disk drive by locating a magnetic head above a particular track and 
then magnetizing the disk. The magnetic head isjmotmted to an actuator 
arm which can move the head to any of the track locations. The tracks 
may have segments which contain coded information that xmiquely 
identify each track. Proper track location can be obtained by reading the 
coded information within the track segments and moving the magnetic 
head accordingly. 

To reduce system errors, it is desirable to locate the magnetic head 
within the boimdarles of each track during the read and write operations 
of the disk drive. If the magnetic head is moved toward an adjacent track 
by an external disturbance, the data in the adjacent track can be 
corrupted if a write operation is in progress. For example, if the 
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magnetic head moves while the sjrstem Is writing, the new data may write 
over the old data on the adjacent track, resulting in an unrecoverable loss 
of the old data. 

Present hard disk drives tjrpically prevent head movement by 
employing either a continuous servo system or a sample servo system. In 
a sample servo system, each track contains a segment(s) which has 
embedded signals that are Interpreted by the control circuitry to 
determine if the head is not aligned with the track. If the head is off- 
center, the control circuit moves the actuator arm accordingly. As the 
disk spins, the servo segments periodically rotate below the heads, so 
that the head location can be periodically computed and adjusted. 

A continuous servo system is typically employed in a multi-disk 
drive imit. A continuous system has a magnetic head and an entire disk 
surface that are dedicaited to sensing the location of the heads. The servo 
head is rigidly attached to the other magnetic heads, so that the head 
locations can be constantly monitored. 

Hard disk drives that are used in portable computers are 
particularly susceptible to external shock and vibrational loads. An 
excessive shock or vibrational load may cause the magnetic head to move 
to an adjacent track. If this head movement occurs while the drive is 
writing data, the old data on the adjacent track will be lost. It is 
therefore desirable to have a disk drive tmit which prevents data finom 
being lost when the disk drive is subjected to an external load. Because 
of the periodic nature of sample servo systems, such systems are too slow 
to prevent at least some data from being lost, particxilarly if a high 
frequency shock were to occur while the head was between the servo 
segments of the track. Although continuous servo systems provide a 
faster response, such i^stems reqxiire a dedicated disk surface which 
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reduces the storage space of the overall system. It would therefore be 
desirable to have a ss^stem which would significant^ reduce the 
probability of data loss, when the disk drive was subjected to shock or 
vibration of a magnitude that can move the actuator arm of the drive unit. 
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SUMMARY OF THE INVENTION 

The present Invention is a sensor system which disables the write 
gate of a hard disk drive when the drive unit is subjected to a threshold 
level of shock or vibration. The sensor ssrstem includes a transducer 
which can sense any rotational acceleration of the disk drive. The 
transducer provides an output voltage that is proportional to the 
acceleration of the drive unit. The output voltage is compared to a 
reference voltage by a logic circiiit which disables the write gate of the 
disk drive, if the output voltage of the transducer is equal to or greater 
than the reference voltage. 

The reference voltage is typically set to approximate the amoxmt of 
acceleration required to move the magnetic head of the drive oflF track 
approximately + 10%. The present Invention therefore prevents the 
magnetic head from writing on an adjacent track when the drive unit is 
subjected to an excessive shock or vibrational load. The sensing system 
provides almost Instantaneous feedback so that loss of data on an adjacent 
track does not occiu-. The present Invention also employs a tracking 
error system which does not require additional space on the magnetic 
disk. 

Therefore it is an object of the present invention to provide a hard 
disk drive xmit which prevents data from being lost when the drive unit is 
subjected to external shock or vibrational loads. 

It is also an object of the present invention to provide a sensing 
system which disables the write gate of the disk drive almost 
instantaneously with the application of an external load of sufiBdent 
magnitude to push the head ofiF-track by more than + 10%.. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the present Invention will become 
more readily apparent to those ordlnarlty skilled In the art after 
reviewing the following detailed description and accompanying drawings, 
wherein: 

Figure 1 is a top cross-sectional view of a hard disk drive of the 
present invention: 

Figure 2 is a schematic of a control sjrstem of the disk drive of Fig. 

1; 

Figure 3 is a schematic of a PET chip of the control system; 
Figure 4 is a schematic of the shock detector of the control system. 
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DETAF ™ PRS CRIPnON OF THE INVENTION 

Referring to the drawings more particularly by reference numbers, 
Figure 1 shows a hard disk drive 10 of the present invention. The hard 
disk drive 10 includes a housing 12 that has a connector 14 which can be 
mated with a corresponding connector (not shown) located within a slot 
of a computer. The hard disk drive 10 is preferably constructed as a 
pluggable module which can be inserted into and detached from the 
computer. In the preferred embodiment, the housing is approximately 
85.6 millimeters by 54.0 millimeters by 10.5 millimeters. The computer 
may be constructed to be portable and therefore susceptible to shock and 
vibrational loading. 

Within the housing 12 is a magnetic disk 16 that is rotated by an 
electric motor (not shown). The drive unit 10 may contain a number of 
magnetic disks 16 that store information on both disk surfaces. Each 
disk surface is typically organized into a plurality of tracks 18 which each 
store digital Information. The disks 16 totate relative to magnetic heads 
20 that are supported by actuator arms .22. Hie magnetic heads 20 are 
constructed to magnetize and sense the magnetic field of the magnetic 
disks 16. 

Attached to the actuator arms 22 is a coll 24 that is coupled to a 
magnet 26. The actuator arms 22 can be moved relative to the disks 16 
by energizing the coil 24. The coll 24 Is used to move the magnetic 
heads 20 between the tracks 18 of the disk 16. The coU 24 and 
magnetic heads 20 are coupled to a printed circuit board 28 which 
contains a number of integrated circuits 30 that control the operation of 
the disk drive 10. 
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Flgiire 2 shows a schematic of the control circuitry the drive unit 
10, Hie connector 14 is couple to a control board 32 which provides an 
interface to the computer system. The drive unit 10 also contains a 
microprocessor 34 that is connected to the controller 32 and a servo 
chip 36. The servo 36 is connected to the coil 26 and the electric motpr 
of the disks 16. The servo 36 controls the movement of the actuator 
arms 22 and the location of the magnetic heads 20 relative to the disks 
16. 

In the preferred embodiment, the tracks 18 of each disk contain 
embedded information that is used to determine whether the magnetic 
heads 20 are centered within the track 18. The servo circuit 36 
interprets the embedded Information to determine the head position* 
and move the actuator arms 22 if the heads 20 are not aligned with the 
tracks 18. 

The magnetic heads 20 are coupled to a preamplifier 38 and 
communicate with the remaining devices through a read/write (R/W) 
channel 40. The preamp 38 receives a write gate signal (not shown) 
when the magnetic heads 20 are writing information onto the disk 16, 
and a read gate signal (not shown) that is enabled when the heads are 
reading information from the disk. The disk drive 10 contains a PET 
chip 42 that is connected to a shock detector 44. The PETT chip 42 
disables the write gate when the shock detector 44 senses an 
acceleration of the disk drive 10 which exceeds a predetermined value. 
The acceleration threshold is typically below a calculated acceleration 
that would induce rotation of the actuator arms 22 and move the heads 
20 ofif-track. By way of example, the threshold may be set for head 
movement of approximately + 10% from the center of the track. 
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Disabling the write gate prevents data from being written over data on an 
adjacent track. 

Figure 3 shows a preferred embodiment of the PET chip 42. The 
chip 42 includes a latch 46 which has a SET pin S connected to an AND 
gate 48 and a RESET pin R connected to the microprocessor 34. The 
input pins of the AND gate 48 are connected to the shock detector 44 
and to the microprocessor 34 through an inverter 50. The output Q of 
the latch 46 is coimected to an OR gate 52 which is also connected to 
the servo circuit 36. The output of the OR gate 52 is connected to AND 
gate 54. The write gate signal is routed through the AND gate 54 to the 
R/W channel 40 and preamp 38. The Inverted output Q' of the latch 46 
provides an input to the processor 34. 

When the magnetic heads are writing, both the OR gate 52 and 
write signal are providing signals of the same state, which causes the 
AND gate 54 to output the same write gate signal that is being provided 
to the gate 54. When the write gate signal is in an enabled state, the . OR 
gate output is noraially in the same state, such that the preamp 38 is 
enabled and the magnetic heads 20 write data onto the disk 16. If the 
shock detector senses ah acceleration above a threshold value, the 
detector 44 changes the state of the signal provided to the AND gate 48. 
The change in the detector output SETs the latch 48, which changes the 
state of the output at the OR gate 52 and the AND gate 54. Changing the 
state of the signal from the AND gate 54 disables the write gate of the 
read/write chaimel 40 and preamp 38, so that the magnetic heads 20 no 
longer write data onto the disk 16. The write gate can also be disabled by 
the servo 36, which may change the state of the signal provided to the 
OR gate 52. The servo 36 can be used to detect low frequency shock or 
vibrational loads, particularly loads that are less than 100 Hz. 
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When the latch has SET, the Inverted output provides an input to 
the processor which indicates that the disk drive is experiencing an 
excessive acceleration and that the write gate is disabled. The processor 
34 typically maintains the latch 46 In the SET state until a 
predetermined amount of time has expired. In the preferred 
embodiment, the SET state is maintained up to one revolution of the 
disk. The microprocessor then RESETs the latch 46. If the disk drive 
10 is still experiencing shock, the latch 46 will again SET and disable the 
write gate. 

The shock detector 44 is constructed to sense any rotational 
acceleration of the disk drive. By way of example, the detector 44 may 
have acceleration sensors that are disclosed in U.S. Patent No. 4,718,276 
issued to Laughlln, U.S. Patent No. 4,431,935 issued to Rider, or U.S. 
Patent No. 4,996.878 issued to Kubler. which are hereby incorporated by 
reference. Such transducers provide an output voltage that is 
proportional to the rotational acceleration of the disk drive. As shown in 
Figure 4, the output of the transducer 46 is compared to a reference 
voltage by a comparator circuit 48. When the output voltage of the 
transducer 46 is at least equal to the reference voltage, the comparator 
circuit 48 changes the state of the output signal provided to the PET chip 
42, which disables the write gate. The reference voltage is set at a value 
that correlates to an acceleration which could move the actuator arms 22 
and magnetic heads 20 oflF-track. By way of example, the reference 
voltage may correlate to a rotational acceleration of 500 radians per 
second per second (rad/sec^). 

The present invention thus provides a sensing system which 
disables the write gate when the disk drive is subjected to an 
acceleration which may move the magnetic heads ofif-track. 
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While certain exemplary embodiments have been described and 
shown in the accompanying drawings, it is to be imderstpod that such 
embodiments are merefy illustrative of and not restrictive on the broad 
invention, and that this Invention not be limited to the specific 
constructions and arrangements shown and described, since various 
other modifications may occur to those ordlnarlty skilled in the art. 
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What is claimed is: 

1, A hard disk drive assembly, comprising: 
a housing; 

a magnetic disk adapted to rotate relative to said housing, said 
magnetic disk having a plurality of tracks; 

a magnetic head coupled to said magnetic disk, said magnetic head 
being adapted to write information on said tracks of said magnetic disk 
when in a write mode; 

acceleration sensing means for sensing an acceleration of said 
magnetic housing; and, 

logic means for terminating said write mode when said shock 
sensing means senses an acceleration which is at least equal to a 
predetermined value. 

2. The assembly as recited in claim 1, wherein said shock sensing 
means senses rotational acceleration* 

3, The assembly as recited in claim 1, wherein said predetermined 
shock value approximates an acceleration value that would cause said 
magnetic head to move from a center of said track. 

4. The assembly as recited in claim 1, wherein said logic means 
Includes comparator means for comparing an output voltage of a 
transducer with a reference voltage, and providing a detector output 
when said transducer oul5)ut voltage is at least equal to said reference 
voltage, said detector output being provided to a latch which teraiinates 
said write mode of said magnetic head. 
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5. The assembty as recited in claim 4, wherein said logic means 
includes a servo which can terminate said write mode of sdid magnetic 
head when said magnetic head moves firom one track to another track. 

6. The £issembty as recited in claim 5, wherein said logic means 
includes latch reset means for resetting said latch after a predetermined 
time interval. 

7. A hard disk drive assembly, comprising: 
. a housing; 

a magnetic disk adapted to rotate relative to said housing, said 
magnetic disk having a plurality of tracks; 

an actuator arm pivotalty connected to said housing; 

a magnetic head connected to said actuator arm, said magnetic 
head being adapted to write information on said tracks of said magnetic 
disk in response to an enabling write gate signal, said magnetic head 
discontinues writing information when said write gate signal is disabled; 

transducer means for providing a transducer output that is 
proportional to a rotational acceleration of said housing: and, 

logic means for disabling said write gate signal when said 
transducer output is at least equal to a predetermined value. 

8. The assembly means as recited in claim 7, wherein said logic 
means includes a latch that has an input coupled to said transducer 
means, said latch further having an output coupled to an AND gate that 
controls said write gate signal. 
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9. The assembly as recited In claim 8, wherein said logic means 
includes a seivo that is coupled to said AND gate through an OR gate that 

. is also connected to said latch output 

10. The assembly as recited in claim 9, wherein said logic means 
includes latch reset means for resetting said latch after a predetermined 
time Interval. 

11. A method for preventing an. improper write of data on a 
magnetic disk of a hard disk drive, comprising the steps of: 

a) writing data on a magnetic disk with a magnetic head; 

b) sensing an acceleration of said magnetic head; 

c) determining whether said acceleration is at least equal to a 
predetermined value; and, 

d) tem:ilnating said writing of data if said acceleration is at least 
equal to said predetermined value. 
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